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Short Communications 

Dear Sir 

A SYSTEM FOR COLLECTING HIGH-RESOLUTION TIME-OF-FLIGHT MASS SPECTRO- 
METRIC DATA 

We describe an 800,000 channel data system for 252Cf fission 
fragment ionization time-of-flight mass spect romet ry, and we give 
examples of some of the system’s capabilities. 

INTRODUCTION 

We wished to develop a data system for a 252Cf fission fragment 
ionization time-of-flight mass spectrometer which would allow us to 
use the instrument to its full capabilities. Such a data system should 
operate at a high rate of data acquisition :o allow for hign ion prc- 
duct ion rates. The dynamic range of the system should be great enough 
to allow the collection of data for long pc,riods so that infrequently 
occurring ions can be observed without exceeding the capacity for 
abundant ions. The system's memory should be large enough to store 
an entire time-of-flight spectrum without degrading the intrinsic 
time resolution of the mass spectrometer. 

In this paper we describe a data system, based on a Digital Equip- 
ment Corporation MicroVAX I 32-bit computer, which can store a spectrum 
comprised of as many as 800,000 5/8 ns channels covering a time span 
of 500 us, has a dynamic range of 0-2~10~ events per time channe 1, 
and can read and store flight t imes in periods on the order of tens 
of microseconds. 

At present we know of two 32-bit data system,s in use with the 
time-of-flight mass spectrometer (1,2). However the system we describe 
here is unique in its time range at high time resolution. Anot her 
convenient feature of the system is that Jt does not require special 
hardware to read and store the ion flight t,imes since a?L of the data 
handling is done by software in the computer. 

We demonstrate the capabilities of the data system by presenting 
mass spectrometric results obtained from horse heart myoglobin, human 
insulin, leu-enkephalin, and crystal violet. 

EXPERIMENTAL 

The Rockefeller University 252Cf fission fragment ionization 
ma.68 spectrometer has been described previously (3). In this instru- 
ment , the sample of interest, deposited in a thin layer on an aluminized 
mylar foil, is placed in front of a 252Cf source. Fission fragments 
from the 252Cf pass through the foil, causing the desorption of sqmple 
ions. These sample ions are accelerated through a potential differ,ence 
of 10 kV. The ions are then allowed to drift through a 3 m  long fl’ght 
tube, at the end of which they are detected. When a 252Cf fission 
fragment ionizes the sample, its complementary fragment strikes a 
detector to provide a time reference from which the flight, t imes of 
the sample ions are measured by a time-to-digital converter (TDC). 
The TDC in our mass spectrometer has been described previously (4). 
It has a resolution of 5/8 ns and a time range of 1.3 ms with an in- 
tegral non-linearity of less than 7 parts in 10’. It can collect 
up to 15 different ion flight t imes in a given timing interval. In 
the system described here TDC control and data handling are done by 
a Digital Equipment Corporation MicroVAX I 32-bit computer using a 
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simple handshaking routine. The computer communicates with the TDC 
using two 16-bit ports on a (DEC) DRVll-J 64-line parallel interface. 
Digitized times from the TDC are 21 bits long, the least significant 
bit representing an interval of 5/8 ns. Each digitized time the com- 
puter receives corresponds to an element in an 800,000 word array 
in computer memory in which the time-of-flight spectrum is stored. 
When a time is received, the appropriate element in the array has 
its value increased by one. Each word in the time-of-flight array 
is a 32-bit signed integer word. 

RESULTS AND DISCUSSION 

a. Resolution: The large number of t ime channels in which a 
spectrum can be stored enables us to see fine details throughout the 
spectrum even when the spectrum extends to high mass (long flight 
times). This ability to observe fine details is illustrated in Figure 
1, which shows a plot of the mass spectrum of horse heart myoglobin. 
Equine myoglobin is comprised of a peptide chain of 153 amino acid 
residues, called a globin, with an iron-protoporphyrin IX molecule 
noncovalently bound to it. The calculated isotopically averaged molecu- 
lar weight (formula weight) for the globin portion of the molecule 
is 16,953 u. The calculated formula weight of iron-protoporphyrin 
IX using only light isotopes is 616.2 u. Our spectrum shows separate 
peaks for the globin and protoporphyrin portions of the molecule. 
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The top portion of Figure 1 is a plot of the cntirc mass spectrum 
of horse heart myoglobin in the time-of-flight range 0 to 400 us, 
which corresponds to a maximum m/z of 32,000. The spectrum has been 
compreeeed along the time-of-flight nxis so that the data in 640,000 
5/8 ns channels in the computer are displayed in 2,000 plot channels. 
The intensity scale for the section from 80 to 400 us has been expanded 
by a factor of 100 to make some relatively small peaks and the back- 
ground cant inuum more clearly visible. The trace above this port ion 
of the spectum is obtained by subtracting the smooth continuum under- 
lying the various peaks and magnifying the resulting intensities by 
a factor of 104. 

Peaks are observed at m/z 5,649, 8,497 and 16,895, which correspond 
to (M+3H13+, (M+2Hj2+ and (M+H>+, where M represents the globin port ion 
of the myoglobin. From these m/z values we calculate molecular weight 
values for the globin of 16,944 u, 16,992 u and 16,894 u, respectively. 
The simple average of these values is 16,943 u, which agrees well 
with the formula weight. The bottom section of Figure 1 is a plot 
of the mass spectrum in the time range 55.375 u to 56.625 u, expanded 
to show the full time resolution of the system. The peaks at m/z 
616.3 and m/z 617.3 are the singly charged iron-protoporphyrin IX 
and a heavy isotope peak. The peaks at m/z 632 and m/z 633 indicate 
the possibility of an oxidation product of the iron-protoporphyrin 
IX. 

Without the large storage capability oE the MicroVAX I, it would 
be impossible to observe the molecular ion of the globin and the detail 
of the iron-protoporphyrin IX peak simultaneously. The system which 
the MicroVAX I replaced could store only 18,000 channels, so that 
in order to scan to 400 us using the old system, the time channels 
would have had to be approximately 22 ns wide. Using such wide time 
channels would have obliterated details in the region of the iron-proto- 
porphyrin IX peak. 

The fact that the entire spectrum is stored at 5/8 ns resolu- 
tion also enables one to choose high resolution mass calibration peaks 
in any region of the mass spectrum without having to arrange for their 
special handling during data acquisition. By contrast, in the old 
system, time-of-flight windows were chosen which would encompass specif- 
ically chosen calibration peaks, and any flight times which fell within 
those windows were associated with a special area of computer memory 
in which the calibration peaks were stored at 5/8 ns resolution. 
With the MicroVAX I, this more complicated procedure is no longer 
necessary, and any mass may be chosen as a calibration peak. 

b. Dynamic range : Each channel in the time-of-flight spectrum 
occupies a word in computer memory. The dynamic range of the system 
is determined by the size of these words. In the MicroVAX I, the 
32-bit signed integer word gives a dynamic range of O-2 x 109 counts 
per time channel. Fig. 1 illustrates the large dynamic range. The 
intensity of the moat intense peak is 2.3 x-107, while that of the 
(M+H)+ peak is 6.2 x 102. 

C. Speed : Using an oscilloscope to examine the TDC control 
lines during a test run, we found that the computer can read a single 
ion flight time from the TDC and signal that it is ready to accept 
another in 16.0 ps. When more than one flight time is in the TDC 
buffer, 19.5 ps are required to transfer each time after the first 
from the buffer to the computer. When there are no more times in 
the buffer, the computer rearms the timer for a new scan 18.0 us after 
the last transfer. Therefore, the total time required to read flight 
times from the TDC for n times is 16.0 + ((n - 1) x 19.5) + 18.0 us. 



The overall rate at which data can be produced and collected is 
determined by the sum of the maximum flight time set by the machine 
operator (the flight period) and the rcndlng time, The actual pro- 
cessing of the t imes in the computer is done during the next flight 
pcrlod and thcrcforc does not uffcc~ the overall speed at which the 
system can be run, except at very short flight t imes and/or large 
mult iplicit ica of ionization, which arc not encountered often in prac- 
t ical analyses. 

d. Mass accuracy and reproducibility of results: We evaluated 
the performance of the mass spectrometer with the new data system 
with respect to mass accuracy and reproducibility by obtaining a seriee 
of spectra from human insulin, leu-enkephalin, and crystal violet. 
Mass calibration was achieved by using the known masses and measured 
flight t imes of the H+ and Ns” ions to find values for the constants 
kl and k2 in the equation 

t = kl + k2 

where t is the ion flight time in us, m  is the ion mass in u, kl is 

a constant combining the acceleration voltage and flight path, and 
k2 is an empirical constant to account for unknown instrument effects. 

Because H+ is desorbed with considerable excess energy, one must 
correct its mass in order to have an accurate calibrat icn. Such a 
correct ion was made by taking a spectrum of crystal violet, which 
yields a sharp peak at m/z 372.244. We used the peaks at m/z 372.244 
and the Na+ peak at m/z 22.990 to yield values of kl and k2 in equation 
1. Using the measured flight time for the H+ ion in the resulting 
equation, a corrected m/z value was obtained for H+. Once the m/z 
value for H+ was calculated, it was stored in the data handling program 
and used in all subsequent calibrations. 

Table 1 shows a set of measured m/z values for the (M+H)+ and 
(M+2H12+ ions from human insulin. Because the isotopic components 
in these peaks are not resolved, the measurement s provide isot apical ly 
averaged m/z values. The data in Table 1 were obtained from five 
separate human insulin samples. Data were collected for one hour 
for each sample. The standard deviations shown are standard deviations 
of a single measurement from the mean, and good reproducibility of 
the data is to be observed. The measured m/z values also agree quite 
well with the formula weights. 

Table 1 

Five Independent Measurements of the m/z Values for the 
(M+2Hj2+ and (M+H>+ I ons from Insulin Adsorbed on Nitrocellulose 

Measured m/z value Measured m/z value 
of (M+H)+ ion Aa of (M+2H12+ ion - - aa 

Measurement 1 5808.1 -0.5 2904.7 0.1 
Measurement 2 5808.2 -0.4 2905.1 +0.3 
Measurement 3 5807.2 -1.4 2904.5 -0.3 
Measurement 4 5808.6 0.0 2904.8 0.0 
Measurement 5 5807.5 -1.1 2904.9 to.1 
Mean 5807.9 -0.7 2904.8 0.0 

w= 0.06b w= 0.2b 

a. Denotes the absolute deviation of the measured m/z value from the 
value based on formula weight. These are: (M+2H)2+, 2904.8; (M+H>+, 
5808.6. 

b. d- standard deviation 
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In similar fashion to the human insulin measurements, five spectra 
cnch were obtained for lcu-cnItcpha1Ln and crystal vlolct. Fqr the 
lcu-cnkcphnlin, m/z vnluc~ wcrc mcnnllrrcl for the (MfNa)+ ion, cnlculntcd 
m/z 578.259, and the (M+2Na-H)' ion, calculated m/z 600.241. The 
mean of the measured values for (M+Na)+ was 578.282, w = 0.019. For 
(M+2Na-H)+ the mean was 600.309, cr = 0.011. For crystal violet, m/z 
was measured for the (M-Cl)+ ion, calculated m/z 372.244. The mean 
of the measured values was 372.240, w = 0.005. These results show 
a mass accuracy of the order of 100 ppm, with good reproducibility. 

CONCLUSION 

The data system described allows acquisition of data without 
degrading the inherent resolution of the mass spectrometer, and the 
system can be built using components that are commercially available. 
Its main advantage is its large data storage capability. Such cap- 
ability allows one to examine fine details in all regfons of the mass 
spectrum simultaneously. Another result of this storage capacity 
is that high resolution calibration peaks can be chosen in any region 
of the mass spectrum without requiring special treatment during acqui- 
sition. 

Louis I. Grace, Brian T. Chait*, and Frank H. Field 
The Rockefeller University 
New York, New York 10021 

REFERENCES 

1. W. Ens, R. Beavis, G. Bolbach, D. Main, B. Schueler, and 
K.G. Standing, Nuclear Instruments and Methods in Physical 
Research, A245, 146 (1986). 

2. R.D. Macfarlane, Anal. Chem., 55, 1247A-1264A (1983). 

3. B.T. Chait, W.C. Agosta, and F.H. Field, Int. J. Mass Spec. 
and Ion Phys., 39, 339 (1981). 

4. R.F. Bonner, D.V. Bowen, B.T. Chait, A.B. Lipton, F.H. Field, 
and W.F. Sippach, Anal. Chem., 52, 1923 11980). 

*Author to whom correspondence should be addressed. 


